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1
SEMICONDUCTOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a divisional of application Ser. No.
14/201,621 filed Mar. 7, 2014 which claims priority from
Japanese Patent Application No. 2013-185612 filed on Sep. 6,
2013, the entire contents of each are incorporated herein by
reference.

FIELD

Embodiments described herein relate to a semiconductor
device.

BACKGROUND

In a power transistor such as a trench-type insulated gate
bipolar transistor (IGBT), a barrier layer is often formed
below emitter layers and contact layers between trenches to
improve the carrier injection enhancement eftect (IE effect).
However, the barrier layer has problems that holes cannot
easily pass through the barrier layer, and that the barrier layer
causes submerged resistance when the holes pass through the
barrier layer. This results in an increase of loss at a turn-off of
the power transistor and a decrease of latch-up strength of the
power transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are a plan view and cross-sectional views
illustrating a structure of a semiconductor device of a first
embodiment;

FIGS. 2A and 2B are perspective views illustrating struc-
tures of semiconductor devices of the first embodiment and a
modification of the first embodiment;

FIG. 3 is a diagram illustrating an example of Z-directional
impurity concentration distribution of the semiconductor
device of the first embodiment;

FIG. 4 is a diagram illustrating an example of Y-directional
impurity concentration distribution of the semiconductor
device of the first embodiment;

FIGS. 5A and 5B are cross-sectional views illustrating
structures of semiconductor devices of modifications of the
first embodiment;

FIG. 6 is a cross-sectional view illustrating a structure of a
semiconductor device of a second embodiment; and

FIG. 7 is a diagram illustrating an example of Y-directional
impurity concentration distribution of the semiconductor
device of the second embodiment.

DETAILED DESCRIPTION

Embodiments will now be explained with reference to the
accompanying drawings.

In one embodiment, a semiconductor device includes a first
semiconductor layer of a first conductivity type having a first
face and a second face opposite to the first face, and a second
semiconductor layer of a second conductivity type disposed
above the first face of the first semiconductor layer. The
device further includes control electrodes facing the first and
second semiconductor layers via insulating layers, and
extending to a first direction parallel to the first face of the first
semiconductor layer, and third semiconductor layers of the
first conductivity type and fourth semiconductor layers of the
second conductivity type alternately disposed along the first
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direction above the second semiconductor layer. The device
further includes fifth semiconductor layers of the first con-
ductivity type disposed below the second semiconductor
layer or disposed at positions surrounded by the second semi-
conductor layer, the fifth semiconductor layers being
arranged separately from one another along the first direction.

First Embodiment

FIGS. 1A to 1C are a plan view and cross-sectional views
illustrating a structure of a semiconductor device of a first
embodiment. FIGS. 2A and 2B are perspective views illus-
trating structures of semiconductor devices of the first
embodiment and a modification of the first embodiment. The
semiconductor device of the present embodiment includes a
trench-type IGBT as a power transistor.

FIG. 1A is the plan view illustrating the structure of the
semiconductor device of the present embodiment. FIGS. 1B
and 1C are the cross-sectional views along an [-I' line and a
J-T' line illustrated in FIG. 1A, respectively. FIG. 1A shows
the plan view along a plane K illustrated in FIGS. 1B and 1C.

FIG. 2A is the perspective view illustrating the structure of
the semiconductor device of the present embodiment. FIG.
2B is the perspective view illustrating the structure of the
semiconductor device of the modification of the present
embodiment. FIGS. 2A and 2B only illustrate a part of the
components illustrated in FIGS. 1A to 1C for convenience of
description.

Hereinafter, the semiconductor device of the first embodi-
ment will be described with reference to FIGS. 1A to 1C, and
appropriately refers to FIGS. 2A and 2B in the description.

The semiconductor device of the present embodiment
includes an n- type first base layer 11 as an example of a first
semiconductor layer, a p type second base layer 12 as an
example of a second semiconductor layer, n+ type emitter
layers (source layers) 13 as an example of third semiconduc-
tor layers, p+ type contact layers 14 as an example of fourth
semiconductor layers, a p type collector layer (drain layer)
15, an n type buffer layer 16, n type barrier layers 17 as an
example of fifth semiconductor layers, a gate insulator 18 as
an example of insulating layers, gate electrodes 19 as an
example of control electrodes, insulating layers 21, gate inter-
connects 22, an insulating layer 23, an emitter electrode 24,
and a collector electrode 25. In FIG. 2A, a boundary between
the first base layer 11 and the second base layer 12 is indicated
by a broken line.

In the present embodiment, first and second conductivity
types are n type and p type, respectively. Instead, the first and
second conductivity types may be p type and n type, respec-
tively.

For example, the first base layer 11, the second base layer
12, the emitter layers 13, the contact layers 14, the collector
layer 15, the buffer layer 16, and the barrier layers 17 are
silicon layers.

The first base layer 11 has a first face S, and a second face
S, opposite to the first face S;. FIGS. 1A to 1C indicate an X
direction and an Y direction parallel to the first and second
faces S, and S, of the first base layer 11 and perpendicular to
each other, and a Z direction perpendicular to the first and
second faces S; and S, of the first base layer 11. The Y
direction is an example of a first direction. The Z direction is
an example of a second direction.

The second base layer 12 is formed on the first face S, of
the first base layer 11. The reference sign T indicates trenches
formed in the first and second base layers 11 and 12, and
extending to the Y direction.
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In the present specification, +Z direction is treated as an
upward direction, and —Z direction is treated as a downward
direction. For example, the positional relationship between
the first and second faces S, and S, of the first base layer 11 is
expressed such that the first face S, is positioned above the
second face S,.

The gate insulators 18 are formed on side faces and bottom
faces of the trenches T. The gate insulators 18 are, for
example, silicon oxide layers. The gate electrodes 19 are
formed in the trenches T via the gate insulators 18, and extend
to the Y direction. The gate electrodes 19 are, for example,
polysilicon layers.

The emitter layers 13 and the contact layers 14 are formed
onthe second base layer 12 on an opposite side to the first base
layer 11, and are alternately formed along theY direction. The
collector layer 15 is formed on the second face S, of the first
base layer 11 via the buffer layer 16. Upper ends of the emitter
layers 13 and the contact layers 14 ofthe present embodiment
are set to be the same height as upper ends of the gate elec-
trodes 19. The reference sign S indicates the upper ends of the
emitter layers 13, the contact layers 14, and the gate elec-
trodes 19.

The barrier layers 17 are formed on the second base layer
12 on a side of the first base layer 11. The barrier layers 17 are
arranged separately from one another along the Y direction.
Thereference sign R indicates gaps between the barrier layers
17 adjacent to each other in theY direction. The reference sign
P (see FIG. 2A) indicates a pitch (cycle) between the barrier
layers 17 adjacent to each other in the Y direction.

The barrier layers 17 are provided at positions overlapping
with the emitter layers 13 when the semiconductor device is
viewed parallel to the Z direction. The gaps R between the
barrier layers 17 are provided at positions overlapping with
the contact layers 14 when the semiconductor device is
viewed parallel to the Z direction. The pitch P between the
barrier layers 17 is set equal to a pitch between the emitter
layers 13 adjacent to each other in the Y direction, and equal
to a pitch between the contact layers 14 adjacent to each other
in the Y direction.

The second base layer 12, the emitter layers 13, the contact
layers 14, and the barrier layers 17 are arranged to come in
contact with side faces of trenches T that sandwich these
layers. In addition, the emitter layers 13 and the contact layers
14 are alternately arranged along the Y direction. Such a
structure has an advantage that this structure is easily formed
even if gaps between the trenches T are narrow, compared
with a structure in which the emitter layers 13 and the contact
layers 14 are adjacent to one another in the X direction.

As illustrated in FIG. 2A, a distance D, between the upper
ends S of the gate electrodes 19 and the lower ends of the
barrier layers 17 is set to be shorter than a distance D, between
the upper ends S of the gate electrodes 19 and the lower ends
ofthetrenches T (D, <D,). However, as illustrated in FIG. 2B,
if a distance D, between the upper ends S of the gate elec-
trodes 19 and the upper ends of the barrier layers 17 is shorter
than the distance D, between the upper ends S of the gate
electrodes 19 and the lower ends of the trenches T (D;<D,),
the distance D, between the upper ends S of the gate elec-
trodes 19 and the lower ends of the barrier layers 17 may be
set to be longer than the distance D, between the upper ends
S of'the gate electrodes 19 and the lower ends of the trenches
T (D,>D,). In other words, the entire barrier layers 17 may be
sandwiched between the trenches T (between the gate elec-
trodes 19), or only a part of the barrier layers 17 may be
sandwiched between the trenches T (between the gate elec-
trodes 19).
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The gate interconnects 22 are formed on the upper ends S
of the contact layers 14 and the gate electrodes 19 via the
insulating layers 21, and extend to the X direction. For
example, the insulating layers 21 are silicon oxide layers, and
the gate interconnects 22 are polysilicon layers. The gate
interconnects 22 are electrically connected to the gate elec-
trodes 19.

The emitter electrode 24 is formed on the upper ends S of
the emitter layers 13, the contact layers 14, and the gate
electrodes 19 via the insulating layers 21, the gate intercon-
nects 22, and the insulating layer 23. The emitter electrode 24
is electrically connected to the emitter layers 13 and the
contact layers 14. The collector electrode 25 is formed on a
lower face of the collector layer 15. The emitter electrode 24
is electrically connected to the collector layer 15.

(1) Impurity Concentration of Each Semiconductor Layer

of First Embodiment

The impurity concentration of each semiconductor layer of
the first embodiment will be described with reference to
FIGS. 3 and 4.

FIG. 3 is a diagram illustrating an example of Z-directional
impurity concentration distribution of the semiconductor
device of the first embodiment.

FIG. 3 illustrates the impurity concentration distribution on
a straight line that is parallel to the Z direction and passes
through an emitter layer 13, the second base layer 12, a barrier
layer 17, and the first base layer 11. The unit of the impurity
concentration of FIG. 3 is 1/cm>.

The reference signs C,, and C,, respectively indicate n type
impurity concentration and p type impurity concentration of
each layer. For example, the n type impurities are phosphorus,
and the p type impurities are boron. The reference sign C
indicates effective impurity concentration of each layer,
which is obtained by offsetting the n type impurity concen-
tration and the p type impurity concentration. Therefore, the
relationship of C=IC, -C, | is established between these impu-
rity concentrations, where || expresses an absolute value.

In the present embodiment, as illustrated in FIG. 3, a peak
value of the effective n type impurity concentration C in the
barrier layer 17 is set to be lower than a peak value of the
effective n type impurity concentration C in the emitter layer
13, and is set to be higher than a peak value of the effective n
type impurity concentration C in the first base layer 11. The
peak value of the effective n type impurity concentration C in
the barrier layer 17 is set to be nearly equal to a peak value of
an effective p type impurity concentration C in the second
base layer 12.

In the present embodiment, as illustrated in FIG. 3, the
peak value of the effective n type impurity concentration C in
the barrier layer 17 is set to be V1o or less of the peak value of
the effective n type impurity concentration C in the emitter
layer 13. Specifically, the peak value of the effective n type
impurity concentration C in the barrier layer 17 is set to be
about two digits lower compared to the peak value of the
effective n type impurity concentration C in the emitter layer

FIG. 4 is a diagram illustrating an example of Y-directional
impurity concentration distribution of the semiconductor
device of the first embodiment.

FIG. 4 illustrates the impurity concentration distribution on
a straight line that is parallel to the Y direction and passes
through a barrier layer 17 and the second base layer 12. The
unit of the impurity concentration of FIG. 4 is 1/cm®. The
reference sign C indicates effective impurity concentration of
each layer.

Similarly to FIG. 3, FIG. 4 indicates the peak value of the
effective n type impurity concentration C in the barrier layer
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17 is set to be nearly equal to the peak value of the effective p
type impurity concentration C in the second base layer 12.

As described above, the semiconductor device of the
present embodiment includes the barrier layers 17 on the
second base layer 12 on the side of the first base layer 11, and
the barrier layers 17 are arranged separately from one another
in the Y direction between the gate electrodes 19 adjacent to
each other. Therefore, the gaps R are formed between the
barrier layers 17 which are adjacent to each other in the Y
direction.

Therefore, according to the present embodiment, holes in
the first base layer 11 can pass through the gaps R as indicated
by the arrow A, so that the holes can easily reach the contact
layers 14 from the first base layer 11. Therefore, according to
the present embodiment, it is possible to decrease the loss at
a turn-off of the power transistor.

In addition, according to the present embodiment, the ratio
of the holes in the first base layer 11 which pass through the
barrier layers 17 as indicated by the arrow B can be decreased,
so that the submerged resistance caused by the holes passing
through the barrier layers 17 can be reduced. Therefore,
according to the present embodiment, the latch-up due to
parasitic resistance can be suppressed, so that the latch-up
strength of the power transistor can be improved.

In this manner, according to the present embodiment, the
loss at the turn-off of the power transistor can be decreased
and the latch-up strength of the power transistor can be
improved, while the improvement of the IE effect by the
barrier layers 17 can be obtained.

In the present embodiment, the barrier layers 17 are pro-
vided at the positions overlapping with the emitter layers 13
inthe Z direction, and the gaps R between the barrier layers 17
are set to the positions overlapping with the contact layers 14
in the Z direction.

Such arrangement of the present embodiment makes it
possible to shorten a path of the holes which go from the first
base layer 11 to the contact layers 14 viathe gaps R, so that the
holes can easily reach the contact layers 14.

FIGS. 5A and 5B are cross-sectional views illustrating
structures of semiconductor devices of modifications of the
first embodiment.

The Y-directional width of the barrier layers 17 of FIG. 1B
is set to be nearly equal to the Y-directional width of the
emitter layers 13. However, the Y-directional width of the
barrier layers 17 of the present embodiment may be shorter
than the Y-directional width of the emitter layers 13 as illus-
trated in FIG. 5A, or may be longer than the Y-directional
width of the emitter layers 13 as illustrated in FIG. 5B

In other words, the barrier layers 17 may fully overlap with
the emitter layers 13 in the Z direction as illustrated in FIG.
1B, or may be partially overlap with the emitter layers 13 in
the Z direction as illustrated in FIGS. 5A and 5B.

Also, the gaps R between the barrier layers 17 may fully
overlap with the contact layers 14 in the Z direction as illus-
trated in FIG. 1B, or may partially overlap with the contact
layers 14 in the Z direction as illustrated in FIGS. 5A and 5B.

In FIG. 1B, the Y-directional width of the barrier layers 17
is set nearly equal to the Y-directional width of the emitter
layers 13. Such a setting has an advantage that an impurity
injection process for forming the barrier layers 17 and an
impurity injection process for forming the emitter layers 13
can be performed by using the same resist mask.

As illustrated in FIGS. 1B, 5A and 5B, the barrier layers 17
of the present embodiment are formed on the second base
layer 12 on the side of the first base layer 11. Therefore, the
upper faces of the barrier layers 17 come in contact with the
lower faces of the second base layer 12, and the lower faces of
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the barrier layers 17 come in contact with the first face S, of
the first base layer 11. However, the barrier layers 17 may be
formed at positions surrounded by the second base layer 12.
In this case, the second base layer 12 of the present embodi-
ment is not only in contact with the upper faces of the barrier
layers 17, but also is sandwiched between the lower faces of
the barrier layers 17 and the first face S, of the first base layer
11. The same applies to a second embodiment described
below.

Second Embodiment

FIG. 6 is a cross-sectional view illustrating a structure of a
semiconductor device of the second embodiment.

Similarly to FIG. 1B, FIG. 6 is the cross-sectional view
along the I-I' line illustrated in FIG. 1A. Hereinafter, the
semiconductor device of the second embodiment will be
described, and the description of matters common to the first
and second embodiments is omitted.

Similarly to the barrier layers 17 of the first embodiment, a
barrier layer 17 of the present embodiment is formed on the
second base layer 12 on the side of the first base layer 11.

However, the barrier layer 17 of the present embodiment
extends to the Y direction between the gate electrodes 19
adjacent to each other. This structure is different from that of
the barrier layers 17 of the first embodiment.

The reference sign 17a indicates first regions of the barrier
layers 17. The first regions 17a are positioned directly under
the emitter layers 13. The reference sign 175 indicates second
regions of the barrier layer 17. The second regions 175 are
positioned directly under the contact layers 14. Details of the
first and second regions 17a and 1756 will be described below.

For example, the barrier layer 17 of the present embodi-
ment can be formed by forming of a plurality of n type layers
between the first base layer 11 and the second base layer 12 by
ion implantation, and then diffusing the n type impurities in
the n type layers in a thermal process until the ntype layers are
bonded.

(1) Impurity Concentration of Barrier Layer 17 of Second
Embodiment

The impurity concentration of the barrier layer 17 of the
second embodiment will be described with reference to FIG.
7.

FIG. 7 is a diagram illustrating an example of Y-directional
impurity concentration distribution of the semiconductor
device of the second embodiment.

FIG. 7 illustrates the impurity concentration distribution on
a straight line that is parallel to the Y direction and passes
through the barrier layer 17. The unit of the impurity concen-
tration of FIG. 7 is 1/cm>. The reference sign C indicates
effective n type impurity concentration in the barrier layer 17.

As illustrated in FIG. 7, the barrier layer 17 of the present
embodiment alternately includes maximum points C, of the
effective n type impurity concentration C and minimum
points C, of the effective n type impurity concentration C
along the Y direction.

The maximum points C, are provided at positions overlap-
ping with the emitter layers 13 when the semiconductor
device is viewed parallel to the Z direction. In other words, the
maximum points C, are provided in the first regions 17a of the
barrier layer 17.

The minimum points C, are provided at positions overlap-
ping with the contact layers 14 when the semiconductor
device is viewed parallel to the Z direction. In other words, the
minimum points C, are provided in the second regions 175 of
the barrier layer 17.
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In the present embodiment, the effective n type impurity
concentration C of the maximum points C, is set to be lower
than the peak value of the effective n type impurity concen-
tration C in the emitter layers 13, and is set to be higher than
the peak value of the effective n type impurity concentration
C in the first base layer 11. Also, the effective n type impurity
concentration C of the maximum points C, is set to be a value
nearly equal to the peak value of the effective p type impurity
concentration C in the second base layer 12.

Furthermore, the effective n type impurity concentration C
of the minimum points C, is set to be %o or less of the
effective n type impurity concentration C of the maximum
points C,. Specifically, the effective n type impurity concen-
tration C of the minimum points C, is set to be about two
digits lower compared to the effective n type impurity con-
centration C of the maximum points C,.

As described above, the semiconductor device of the
present embodiment includes the barrier layer 17 formed on
the second base layer 12 on the side of the first base layer 11,
and extending to the Y direction. Also, the barrier layer 17 of
the present embodiment alternately includes the maximum
points C, and the minimum points C, of the effective n type
impurity concentration C along the Y direction.

Therefore, according to the present embodiment, holes in
the first base layer 11 can pass through regions near the
minimum points C,, so that the holes can easily reach the
contact layers 14 from the first base layer 11. Therefore,
according to the present embodiment, it is possible to
decrease the loss at a turn-off of the power transistor, similarly
to the first embodiment.

In addition, according to the present embodiment, the ratio
of the holes in the first base layer 11 passing through regions
near the maximum points C; can be decreased, so that the
submerged resistance caused by the holes passing through the
regions near the maximum points C, can be decreased. There-
fore, according to the present embodiment, the latch-up due
to parasitic resistance can be suppressed, so that the latch-up
strength of the power transistor can be improved, similarly to
the first embodiment.

In this manner, according to the present embodiment, the
loss at the turn-off of the power transistor can be decreased
and the latch-up strength of the power transistor can be
improved, while the improvement of the IE effect by the
barrier layer 17 can be obtained.

In the present embodiment, the maximum points C, are
provided at the positions overlapping with the emitter layers
13 in the Z direction, and the minimum points C, are provided
at the positions overlapping with the contact layers 14 in the
Z direction.

Such an arrangement of the present embodiment makes it
possible to shorten a path of the holes which go from the first
base layer 11 to the contact layers 14 via the regions near the
minimum points C,, so that the holes can easily reach the
contact layers 14.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel devices described herein may be embodied
in a variety of other forms; furthermore, various omissions,
substitutions and changes in the form of the devices described
herein may be made without departing from the spirit of the
inventions. The accompanying claims and their equivalents
are intended to cover such forms or modifications as would
fall within the scope and spirit of the inventions.
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The invention claimed is:

1. A semiconductor device comprising:

a first semiconductor layer of a first conductivity type
having a first face and a second face opposite to the first
face;

a second semiconductor layer of a second conductivity
type disposed above the first face of the first semicon-
ductor layer;

control electrodes facing the first and second semiconduc-
tor layers via insulating layers, and extending to a first
direction parallel to the first face of the first semicon-
ductor layer;

third semiconductor layers of the first conductivity type
and fourth semiconductor layers of the second conduc-
tivity type alternately disposed along the first direction
above the second semiconductor layer; and

a fifth semiconductor layer of the first conductivity type
disposed below the second semiconductor layer or dis-
posed at a position surrounded by the second semicon-
ductor layer, and extending to the first direction, the fifth
semiconductor layer alternately including maximum
points and minimum points of effective impurity con-
centration of impurities of the first conductivity type
along the first direction.

2. The device of claim 1, wherein the maximum points are
disposed at positions overlapping with the third semiconduc-
tor layers in a second direction perpendicular to the first face
of the first semiconductor layer.

3. The device of claim 1, wherein the minimum points are
disposed at positions overlapping with the fourth semicon-
ductor layers in a second direction perpendicular to the first
face of the first semiconductor layer.

4. The device of claim 1, wherein the effective impurity
concentration of the impurities of the first conductivity type at
the maximum points is lower than a peak value of effective
impurity concentration of impurities of the first conductivity
type in the third semiconductor layers.

5. The device of claim 1, wherein the effective impurity
concentration of the impurities of the first conductivity type at
the maximum points is higher than a peak value of effective
impurity concentration of impurities of the first conductivity
type in the first semiconductor layer.

6. The device of claim 1, wherein the effective impurity
concentration of the impurities of the first conductivity type at
the minimum points is Yo or less of the effective impurity
concentration of the impurities of the first conductivity type at
the maximum points.

7. The device of claim 1, wherein a distance between upper
ends of the control electrodes and a lower end of the fifth
semiconductor layer is shorter than a distance between the
upper ends of the control electrodes and lower ends of the
insulating layers.

8. The device of claim 1, wherein a distance between upper
ends of the control electrodes and a lower end of the fifth
semiconductor layer is longer than a distance between the
upper ends of the control electrodes and lower ends of the
insulating layers.

9. The device of claim 8, wherein a distance between the
upper ends of the control electrodes and an upper end of the
fifth semiconductor layer is shorter than the distance between
the upper ends of the control electrodes and the lower ends of
the insulating layers.



